Empty fruit bunches (EFB) of oil palm are the lignocellulosic waste from crude palm oil production. The current practice to deal with the waste is either to burn EFB for energy production or to spread them back on the field as a fertilizer. Both options offer a limited additional value to the industry compared to the use of EFB as a renewable resource for chemicals production. To be used as the raw materials for chemicals production, EFB needs to be hydrolysed first to its sugar-monomer content.
Introduction
Palm oil is one of the most important Indonesian agricultural product. The processing of palm oil into crude palm oil (CPO) generates empty fruit bunches (EFB) as the major biomass waste, which comprises about 20-22 % of the produced crude palm oil 1) . EFB mainly composes of cellulose at 35-42 %, hemicelluloses at 25-35 %, and lignin at 11-23 % 2) ～ 4) and may serve as potential raw materials for the productions of chemicals and energy following the concept of biorefinery. For example cellulosic material could be used as the feedstock of bioethanol, biofuel, pulp mills and others 3)5) . Furthermore the hemicellulose could also be used to get a variety of valuable products including xylose and xylitol.
In the utilization of hemicellulose, it must first be hydrolyzed into its components, that are the 6 carbon atom sugar (mannose and galactose) and 5 carbon atom sugar This study was partly presented in the 1st Asian Conference on Biomass Science, Jan 14, 2014, Kochi, Japan (xylose and arabinose). This process could be performed chemically, at high pressure and temperature using acid or alkaline as the catalyst or at ambient condition using biological xylanolytic enzyme as the catalyst. Even though acid hydrolysis is an easy procedure for xylose production, it may corrode the process equipments and the hydrolysate can be over degraded into inhibitory compounds. On the other hand, the milder conditions used during the enzymatic process avoid the formation of degradative products and allow better fermentability 6) .
Hemicellulose mainly comprises xylan, which is hydrolysed by xylanolytic enzymes. Xylanolytic enzymes have a variety function including endo 1-4 D-xylanase (EC 3.2.1.8) to hydrolyze the β -1,4 bond in the xylan backbone, yielding short xylooligomers 7) , β-xylosidase (EC 3.2.1.37) to hydrolize oligosaccharides to xylose 7) . Xylanase catalyzes the hydrolysis of xylans. This enzyme is produced along with breakdown of plant cell walls by microorganisms and with the digestion of xylan during seed germination 8) .
This paper presents the study of the applications of xylanolytic enzyme in hydrolyzing oil palm EFB. The study covers the evaluation of various commercial enzyme in hydrolyzing EFB, the study of the influences of thermal pretreatment, temperature, pH, substrate concentration, and potential inhibitors in the EFB hydrolysis process, as well as the kinetics study of the process. The kinetic parameters were estimated by double reciprocal plot linearization of Lineweaver Burke plot 13) .
Material
(3)
Result and discussions

Evaluation of commercial enzyme activity
Four different types of commercial xylanase enzymes were evaluated in this study: Accelerase XC, Accelase XY (Genecor), Micron Transform, and hemicellulase from Aspergillus niger (Sigma). Both Accelerase XC and XY were designed for small scale process development and claimed to improve the lignocellulosic conversion to C5 and C6 sugars 14) . Micron Transform was usually used for biogas production 15) .
The xylanase activity (U/mL) yielded from the evaluation of these commercial enzymes were shown in The effect of pH on the enzymatic hydrolysis process is shown in Fig. 3 . Within the range of evaluated pH, 4.8 -8, the optimum pH for the enzymatic hydrolysis of EFB was found to be pH 5 ( Fig. 3) . At this condition the hydrolysis yield of EFB were obtained to be 27 % with resulting xylose concentration of 3.184 g/L.
The obtained results were in agreement with the reported optimal temperature and pH for the hydrolysis with xylanolytic enzyme. The optimal conditions for the hydrolysis of corncob using xylanase were reported to be in between 45-60 ℃ and pH 4 or 5 6) . Enzymatic hydrolysis of sugarcane bagasse using xylanase from thermoascus aurantiacus was carried out at 50 ℃, pH 5 for 96 h leading to the best yield of xylose (22.48 %) 16) .
Effects of inhibitors on the enzymatic hydrolysis
Substrate, products and intermediate products can act as the inhibitor to an enzymatic hydrolysis reaction 17) .
We studied the effects of glucose and xylose as potential inhibitors to the hydrolysis reaction 14) . The two substances were chosen as they were product of enzymatic hydrolysis of EFB. The concentrations were varied to be 0. 
Effect of substrate concentration and kinetic studies of enzymatic hydrolysis
Concentration of substrate is one of the factors that affects the yield and products of enzymatic hydrolysis 17) .
At low substrate concentrations, an increasing in substrate
concentration results in an increase of the yield and rate of the hydrolysis but high substrate concentration can cause inhibition process and impact on yield and the rate of the hydrolysis 17) .
We conducted enzymatic hydrolysis with some variation on EFB substrate: 0.5, 1.0, 2.5, 5.0, 7.5, 10.0 and Hydrolysis process was conducted at temperature 60 ℃ and the process was conducted for 180 min and samples were taken at 30, 60, 90 and 180 min. Overall result can be seen in Fig. 6 . The effect of EFB concentration on hydrolysis rate was shown in Fig. 7 . The rate was calculated from xylose concentration at 0-60 min and EFB concentration was converted in xylan. The rate of enzymatic hydrolysis increased up to concentration EFB of 5 % (9.83 g/L xylan), and the rate decreased afterwards. As shown in Fig. 8 when Michaelis Menten model was applied, the apparent Vmax and Km values for the enzymatic hydrolysis obtained using Lineweaver Burke plots were 0.17 g/L/min and 22.16 g/L with R 2 = 99%. This shows that the process could be well modelled following Michaelis Menten model respectively.
Effect of thermal pretreatment EFB
The objective of lignocellulosic material pretreatment is to increase the porosity of the materials such that the access of enzyme to cellulose or hemicellulose is increased 17) . Pretreatment must meet the following requirements, to improve the formation of sugars or the ability to subsequently form sugars by enzymatic hydrolysis, to avoid the degradation or loss of carbohydrate, to avoid the formation of by products that may act as inhibitors to the subsequent hydrolysis and fermentation processes, and to be cost-effective 17) . Pretreatment using water (autohydrolysis) at medium temperature was reported as an effective method to enhanced enzymatic process 6) . The hydronium ions catalyze the breakdown of exocylic ethers of hemicellulose 6) . Ground EFB, 0. Interestingly, we also observed the effects of substrate composition or solid to liquid ratio in the effifacy of the thermal pretreatment process. The yield of hydrolysis increased only until a particular EFB concentration, which was observed to be about 2.5 % EFB, and stayed constant and decreased afterwards. It should be studied further whether the achieved yield was limited by the enzymatic hydrolysis process or the thermal pretreatment itself.
Conclusions
The results showed that temperature and pH significantly 
